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这一思路，本文设计并实现了 FPGA 子系统、ADC 子系统、DDS 子系统和供电
电源。在 EDK 集成开发环境下对 FPGA 进行设计，并重点讨论锁控制的各功能
模块的实现方法。硬件平台完成后，结合自己编写的设备驱动程序，生成适合目






















High-resolution NMR spectrometer as a research platform for NMR technology, 
is widely used in scientific research, education, manufacturing, medical treatment and 
health fields. Homogeneous and stable magnetic field is the key for a high-resolution 
NMR spectrum. However, the stability of an ultra-high magnetic field is generally 
degraded. The temporal variation of magnetic field causes the change of nuclear 
resonance frequency from one transient to another, which worsens the accumulative 
signal and the high-resolution spectrum cannot be obtained. The field-frequency lock 
technique can effectively improves the long-term stability of the system. 
By the 300MHz-500MHz NMR spectrometer development project, this thesis 
proposes the solution of field-frequency lock system which is based on phase-locked 
loop theory, using analog quadrature detection technique and full digital control. 
The thesis discusses in detail the general design idea of the field-frequency lock 
system which uses advanced FPGA SOPC technique to construct the embedded 
control system based on VxWorks. Focusing on the design idea, the thesis analyses 
and designs FPGA, ADC, DDS subsystem and power supply solution. FPGA is 
designed by EDK tools and the implementation methods of each functional module 
are emphatically discussed. After completion of hardware platform, combined with 
the device driver programmed by myself, the BSP suitable for target board is 
generated and VxWorks is configured and transplanted. Then the thesis analyses the 
structure and execution flow of lock control program, and describes network 
communication and hardware interrupt. In the end, by field debugging on-line, the 
function and performance of the field-frequency lock control system are fully tested. 
The test results show that, the solution using FPGA not only improves lock field 
efficiency, performance index and reliability, but also optimizes the production scale, 
development cost, product maintenance, hardware upgrade. 
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非常快的科学仪器。20 世纪 90 年代，由于核磁共振技术和计算机技术的高速发
展，核磁共振波谱仪产品型号的平均更新周期只有 2-3 年，近阶段，由于通讯和
网络技术的发展，核磁共振波谱仪产品又处于一个新的更新期。Varian 公司采用
新网络技术和电子器件，在 2005 年推出了“Varian NMR System”系列核磁共
振波谱仪，开创了“直接驱动”技术，使控制速度更快，系统高度模块化、智能
化。Bruker 公司在 2004 年末，推出采用模块化设计的 Suite 软件和“第二代数字




























主计算机 主机柜系统 磁体接口系统 超导磁体与探头
 
图 1.1 核磁共振波谱仪系统结构图 
Fig. 1.1 NMR spectrometer system diagram 
 
 核磁共振波谱仪主要由 4 部分组成，如图 1.1 所示： 
 1. 主计算机系统：包括高性能工作站以及相关附件，用户可选择运行
Windows / Linux / Unix 等多种操作系统。系统用户控制与数据处理软件采用










































    第一，根据场频联锁原理及系统需求制定锁系统的实施方案，并对方案进行
系统分析； 
第二，设计了基于内嵌 PowerPC 处理器硬核的 FPGA 的嵌入式系统锁控制
硬件体系结构，包括 FPGA 子系统、ADC 子系统、DDS 子系统和供电电源等，
并详细说明 FPGA 片上系统的开发流程及各功能模块的实现； 
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